.7 weeks; P ‫؍‬ 0.09), although the difference was not statistically significant. Patients in the long-term FQ group were less likely to receive empirical anti-TB treatment (55% versus 74%; P ‫؍‬ 0.03). The median time from mycobacterial test to anti-TB therapy was longer in the long-term FQ group (4.6 weeks versus 2.2 weeks; P < 0.001), but there was no significant difference in FQ resistance (0% versus 3%; P > 0.99) or in the 30-day (6% versus 6%; P > 0.99) or 90-day (12% versus 12%; P > 0.99) mortality rate between the two groups. FQ exposure (>7 days) prior to TB diagnosis in immunocompromised patients appears not to be associated with adverse outcomes.
I
n spite of global efforts to control tuberculosis (TB), it remains a serious health concern and a major cause of death worldwide (1) . As the clinical manifestations of TB are affected by the host immune response to Mycobacterium tuberculosis (2) , immunocompromised patients are considered to be at particular risk of TB and are prone to disseminated disease, highlighting the importance of early diagnosis and prompt treatment in these patients (3) (4) (5) (6) (7) (8) (9) (10) . However, clinical features and radiologic findings are various and often atypical in immunocompromised patients with TB, and thus TB is occasionally misdiagnosed as other infectious diseases, which may contribute to morbidity and mortality (3) (4) (5) (6) (7) (8) (9) (10) .
Fluoroquinolones (FQs) are one of the most commonly prescribed classes of antibiotics for a broad range of bacterial infections and have excellent in vitro and in vivo activities against M. tuberculosis (11) (12) (13) (14) . They are the preferred agents for treating multidrug-resistant TB and for patients who cannot tolerate firstline drugs (1) . Such a broad-spectrum antimicrobial activity of FQs has raised concerns that FQ exposure for any reason prior to TB diagnosis may be associated with adverse outcomes, such as a delay in anti-TB treatment (15) (16) (17) , the emergence of FQ resistance (18) (19) (20) (21) , and increased mortality (22, 23) . However, conflicting results have been obtained in several other studies (24) (25) (26) (27) , and it is theoretically possible that FQ use until definitive anti-TB treatment is given might prevent clinical deterioration in missed TB patients. We therefore evaluated the association of FQ use prior to TB diagnosis with clinical outcomes in immunocompromised patients with TB, in whom TB is quite often missed.
MATERIALS AND METHODS
Study design and patient selection. This retrospective study was performed at the Asan Medical Center, a 2,700-bed tertiary care-affiliated teaching hospital in Seoul, Republic of Korea, a country with intermediate TB burden (annual TB incidence rate in 2012, 108 per 100,000 population). All adult patients (aged Ն18 years) with culture-confirmed TB from January 2012 through December 2013 were identified using electronic medical record databases. Microbiologic specimens for diagnosing TB were processed by standard techniques and procedures, as previously described (10) . Immunocompromised patients were defined as those with underlying diseases, such as human immunodeficiency virus (HIV) infection, malignancy, liver cirrhosis, and chronic renal failure, and those receiving immunosuppressive treatment (10) . Immunocompetent patients and those with smear-positive TB, who were less likely to be missed TB patients, were excluded from the analysis. The study was approved by the Asan Medical Center Institutional Review Board.
Data collection and definitions. All medical records were retrospectively reviewed using standardized study protocols. Demographic charac-teristics, laboratory results, underlying diseases or conditions, patient management, and clinical outcomes were evaluated. All patients who visited our hospital were routinely required to report information about antibiotic prescription during the previous month in electronic nurse and doctor's records. In addition, we used primary care prescription records provided by referring physicians. Pulmonary and extrapulmonary TB was classified according to World Health Organization recommendations (28) . Disseminated TB was defined as isolation of M. tuberculosis, positive PCR, or histologic demonstration of caseating granulomatous inflammation from blood, bone marrow, liver biopsy specimen, or at least 2 noncontiguous organs, with or without miliary lung lesions (29) .
As shown in Fig. S1 in the supplemental material, empirical anti-TB therapy was classified according to the administration of the first-line anti-TB drugs, such as isoniazid (INH), rifampin (RFP), ethambutol (EMB), and pyrazinamide (PZA), before a positive mycobacterial culture or a positive M. tuberculosis PCR assay result was obtained. Definite anti-TB therapy was classified according to the administration of the firstline anti-TB drugs after a positive mycobacterial culture or a positive M. tuberculosis PCR assay result was obtained, regardless of previous antibiotic use. FQ use was classified according to the presence of FQ in the antibiotic regimen, regardless of the use of the first-line anti-TB drugs. In order to select patients who were likely to have been exposed to FQ when they had active TB, we chose the period of FQ exposure to be between 4 weeks before the date that the test that gave the first positive result of mycobacterial culture was requested and the date when anti-TB treatment was started. In addition, FQ use was further divided into short-term use (for less than 7 days) and long-term use (for 7 or more days).
Patients who had pulmonary manifestations of TB were considered to have atypical chest images if their chest images at the time of presentation did not have typical chest radiological patterns of TB as described elsewhere (30, 31) . Treatment default was defined as interruption of anti-TB treatment for any reason. The primary outcomes were 30-day and 90-day mortalities.
Statistical analysis. Statistical analyses were performed using the SPSS for Windows software package, version 21.0 (SPSS Inc., Chicago, IL). Categorical variables were analyzed using the chi-square or Fisher's exact test. Normally and non-normally distributed continuous variables were analyzed by Student's t test and the Mann-Whitney U test, respectively. Survival analysis was conducted by the Kaplan-Meier method, and 90-day cumulative survival rates were compared by the log rank test. All tests of significance were 2-tailed, and a P value of Ͻ0.05 was considered statistically significant. Figure 1 shows a flow diagram of the study. A total of 450 adult patients with culture-confirmed TB were identified during the study period. Of these, 173 (39%) immunocompetent patients and 83 (18%) immunocompromised patients with smear-positive TB were excluded. The remaining 194 (43%) immunocompromised patients with smear-negative and culture-positive TB were included in the final analysis. Of these 194 patients, 33 (17%) were classified in the long-term FQ group and the remaining 161 (83%) were classified in the comparator, including the shortterm FQ group (n ϭ 23), the non-FQ group (n ϭ 78), and the group given no antibiotics (n ϭ 60). Treatment indications for patients who received short-term (Ͻ7 days) FQ or non-FQ antibiotics are shown in Table S1 in the supplemental material.
RESULTS

Study population.
Demographics and clinical characteristics. Demographics, clinical characteristics, treatments, and outcomes of the 194 immunocompromised patients with smear-negative and culturepositive TB are shown in Table 1 . The mean age was 61 years (standard deviation [SD], Ϯ15), and 141 (73%) were male. The clinical diagnoses of TB were classified as pulmonary TB (n ϭ 160 [82%]), extrapulmonary TB (n ϭ 23 [12%]), and disseminated TB (n ϭ 11 [6%]). Solid tumor was the most common underlying disease or condition (64%), followed by chronic renal failure (10%), connective tissue disease (8%), hematologic malignancy (7%), transplantation (7%), liver cirrhosis (6%), and HIV infection (0.5%). Patients in the long-term FQ group were more likely to undergo transplantation than those in the comparator (15% [5/33] Figure 2 shows the test-to-diagnosis and test-to-treatment times in the long-term FQ group and the comparator using box-and-whisker plots. The median time from mycobacterial test to positive mycobacterial culture appeared to be longer in the long-term FQ group (8.1 weeks versus 7.7 weeks; P ϭ 0.09), although the difference was not statistically significant. Empirical anti-TB treatment was given to 18 (55%) patients in the long-term FQ group, versus 119 (74%) in the comparator (P ϭ b Twenty-four (73%) and 2 (6%) were exposed to levofloxacin alone and ciprofloxacin alone, respectively. In addition, 5 (15%) were exposed to ciprofloxacin and levofloxacin, and 2 (6%) were exposed to levofloxacin and moxifloxacin. c The comparator included the short-term FQ group (n ϭ 23), the non-FQ group (n ϭ 78), and the group receiving no antibiotics (n ϭ 60). [20/161] ; P Ͼ 0.99) between the two groups. The Kaplan-Meier survival analysis, at 90 days, showed no significant difference in survival between the two groups (P ϭ 0.96 by log rank test) (Fig. 3A) . The subgroup analysis of 57 patients who did not receive empirical anti-TB treatment, so-called "missed TB" patients (see Fig.  S1 in the supplemental material), is shown in Tables S2 and S3 in the supplemental material. The 30-day mortality rates were similar between the two groups (13% [2/15] versus 17% [7/42] ; P Ͼ 0.99). However, the 90-day mortality rate was lower in the longterm FQ group than in the comparator (13% [2/15] versus 31% [13/42] ; P ϭ 0.31), although this difference did not reach any statistical significance. The Kaplan-Meier survival analysis, at 90 days, showed no significant difference in survival rates between the two groups (P ϭ 0.23 by log rank test) (Fig. 3B) .
Treatments and outcomes.
Risk factors associated with 30-day mortality. The risk factors associated with 30-day mortality among the 194 immunocompromised patients with smear-negative and culture-positive TB are shown in Table 2 . Liver cirrhosis was a significant risk factor for 30-day mortality (odds ratio [OR], 6.41; 95% confidence interval [CI], 1.48 to 27.82; P ϭ 0.03). Atypical chest image at the time of presentation appeared to be more frequent for patients who died than those who survived (75% [9/12] Table S1 in the supplemental material, the short-term FQ group was more likely to include sicker patients. When subgroup analysis excluding the patients (n ϭ 5) who died rapidly within 3 days after antibiotic use was performed, the overall results were similar (see Table S4 in the supplemental material). 
DISCUSSION
There are several reports of the impact of FQ exposure prior to TB diagnosis on various clinical outcomes in patients with TB (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . However, to our knowledge, this is the first study evaluating the impact of FQ use prior to TB diagnosis on clinical outcomes in immunocompromised patients with TB. We found that longterm FQ use (Ն7 days) prior to TB diagnosis was not associated with increased mortality, although the delay before initiation of anti-TB therapy was longer in the long-term FQ group. This delayed treatment appeared to be mainly caused by less empirical anti-TB treatment due to lower clinical suspicion, i.e., more socalled missed TB, in the long-term FQ group than in the compar- ator because of atypical presentation. It thus seems that various manifestations of TB in immunocompromised patients, especially in transplant recipients, result in more missed TB in the long-term FQ group, leading to less empirical anti-TB treatment. However, since long-term FQ exposure (Ն7 days) did not significantly affect the rate of mycobacterial growth and was not associated with increased FQ resistance or increased mortality, our findings may decrease concerns about the use of FQ in immunocompromised patients in whom the probability of TB is low but cannot be completely ruled out until definitive mycobacterial culture results are available. Although we did not directly demonstrate that the FQ monotherapy prior to TB diagnosis could prevent clinical deterioration in immunocompromised patients with missed TB until they received definitive anti-TB treatment, this theoretical possibility, without any evidence of negative clinical consequences, may have important clinical implications. Previous studies have demonstrated potential detrimental effects of FQ use in patients with undiagnosed TB, based on its strong anti-TB activity, and have warned that FQ should be avoided under conditions where a diagnosis of TB cannot be ruled out (15) (16) (17) (18) (19) (20) (21) (22) (23) , because FQ exposure could delay the diagnosis and treatment of TB (15) (16) (17) . However, in our view, the delayed diagnosis in patients given FQ may be caused by many factors; these include clinical improvement due to the FQ treatment in patients with missed TB, since this will inevitably prolong the follow-up period, reduced viability of mycobacteria due to the FQ, and simply the implications of FQ use as a proxy of lower clinical suspicion of TB. In fact, in our study, patients who received long-term FQ were more likely to have an atypical chest image at the time of presentation, suggesting that TB might be less frequently suspected in the long-term FQ group. Therefore, we conclude that FQ use after three consecutive adequate sputum mycobacterial cultures in a setting of low probability of TB, in which the toxicity of anti-TB drugs outweighs the benefit of empirical anti-TB treatment, does not necessarily delay the diagnosis of TB. A previous study performed in the United States found that the diagnostic delay was not due specifically to FQ as opposed to other antibiotic classes, suggesting that the delay was related to antibiotic use in general, or lower clinical suspicion, rather than to the anti-TB activity of FQ (24) .
In addition, although there has been growing concern that the widespread use of FQ may be responsible for the increasing rate of FQ-resistant TB (18) (19) (20) (21) , no significant correlation between FQ exposure and FQ resistance was found in two studies in Korea and Taiwan, respectively (25, 26) . Fortunately, previous studies have consistently reported that the exposure to FQ for less than 2 weeks appeared not to be associated with the emergence of FQ resistance (20, 21, 25) , as also observed in our study, although there are case reports implying the opposite (18, 19) .
The previous studies in the general population with TB found that FQ exposure prior to TB diagnosis was associated with increased mortality (22, 23) . However, a recent study in Taiwan demonstrated that empirical use of FQ improved the survival rate of critically ill patients with TB that mimicked severe pneumonia, without causing treatment delay and FQ resistance (27) . In that study, significantly more patients in the non-FQ group (27%) than in the FQ group (9%) died before anti-TB therapy was started. Interestingly, our data clearly showed that short-term FQ use (less than 7 days) was associated with mortality, while longterm FQ use (Ն7 days) prior to TB diagnosis was not associated with mortality. These findings suggest that the presence of anti-TB activity in an empirical antibiotic regimen for a certain duration may affect the outcome in immunocompromised patients with TB. However, some biases related to treatment indication, such as short-term use of FQ (i.e., FQ use in sicker patients), should be considered. Our data together indicate that until more definite data are available, the prudent use of FQ in selected patients with missed TB who do not cross the threshold of empirical anti-TB treatment may not be harmful and could sometimes be helpful.
TB occurs with greater frequency among patients with impaired host defense, such as those with HIV infection (3, 4) , malignancy (5), liver cirrhosis (6), and chronic renal failure (7) and those receiving immunosuppressive treatment (8) . The clinical characteristics of TB in immunocompromised patients can include greater disease severity, more rapid progression, an increased tendency for disseminated disease, and a higher mortality rate (3) (4) (5) (6) (7) (8) (9) (10) . However, clinical suspicion of TB in these patients may be challenging because typical disease manifestations are diminished or absent (3) (4) (5) (6) (7) (8) (9) (10) , and consequently, patients are often treated empirically with multiple courses of antibiotics for presumed bacterial or fungal infections other than TB. That is, the clinical suspicion and early diagnosis of pulmonary TB rely heavily on imaging modes such as chest computed tomography (CT) because the rapid specific diagnostic tests, such as the acid-fast bacillus smear and M. tuberculosis PCR from respiratory specimens, lack sufficient sensitivity (32) . Actually, our previous study has clearly demonstrated that about one-third of pulmonary TB cases in transplant recipients were very close to those of invasive pulmonary aspergillosis and about half of patients received inappropriate antifungal therapy (33) . However, the first-line anti-TB drugs are difficult to liberally use in empirical therapy because of drug toxicity and interaction with other important drugs. In this context, FQ use is an attractive option in the clinical setting when an alternative diagnosis is suspected but unusual presentations of TB cannot be ruled out in immunocompromised patients.
The present study has several limitations. First, anti-TB drug susceptibility testing was performed only with the M. tuberculosis isolates from the first positive result of mycobacterial culture. Therefore, FQ susceptibilities before and after FQ exposure could not be directly compared. However, repeated anti-TB drug susceptibility testing was performed for none of the patients enrolled in this study. Indeed, anti-TB drug susceptibility tests were requested for the M. tuberculosis isolates obtained from the specimen before FQ exposure for 24 (73%) of 33 patients in the FQ group. This means that FQ resistance, if acquired, does not affect the decision on the choice of potent first-line multidrug regimen in real clinical practice. Actually, we did not find any evidence that FQ exposure in immunocompromised patients was associated with treatment failure or relapse of TB after the completion of therapy (data not shown). However, the relationship between FQ exposure and resistance should be interpreted with caution, because it is difficult to draw any confident conclusions about the relationship between FQ exposure and resistance based on our data. Second, due to the retrospective nature of our study, some information of clinical importance, such as medication history or follow-up data, may have been missed. Actually, 11 (6%) of the 194 patients defaulted from the anti-TB treatment. In addition, anti-TB drug susceptibility testing could not be performed for 46 (24%) of the patients. However, as the rates of treatment default (12% [4/33] versus 4% [7/161] ; P ϭ 0.10) and the availability of anti-TB drug susceptibility (79% [26/33] versus 76% [122/161]; P ϭ 0.71) did not differ between the two groups, these factors are unlikely to have influenced our findings. In addition, some may argue on the potential for misclassification of antibiotic use in terms of FQ use and the validity of mortality data. However, the nurses' and doctors' records in our hospital have routinely checked the previous use of antibiotics, and a referral letter including prescription records from referring physicians is mandatory for all patients due to the national health care system. To capture mortality data, we used a unique 13-digit identification system in which all Korean residents are registered in the national administrative system. Therefore, these biases may be not so critical. Third, some may be confused by the discrepancy of the associations of short-term FQ use versus long-term FQ use with mortality. Among the patients with short-term FQ use (see Fig. S1 in the supplemental material), the mortality rate was high in those who did not receive empirical anti-TB therapy, while the mortality rate was low in those who received empirical anti-TB therapy. Therefore, we assume that the earlier anti-TB therapy is used, the better the outcome. Otherwise, patients with short-term FQ use included rapid fatal patients due to progression of pneumonia caused by TB during FQ use (see Table S1 in the supplemental material). So, the inclusion of these patients with a poor prognosis contributed to a worse outcome in those with short-term FQ use. Although any FQ use (as a whole) was associated with mortality (OR, 5.58), long-term FQ use (Ն7 days) was not associated with mortality (OR, 0.97). This suggests that the high OR (9.71) of death in the short-term FQ use (Ͻ7 days) group may account for the higher mortality for any FQ group than for the non-FQ group. Fourth, this study was conducted in a country with an intermediate TB burden, and the threshold of empirical anti-TB treatment in immunocompromised patients would be different in areas with different epidemiologies of TB. Hence, the effects of FQ use in immunocompromised patients with TB, whether beneficial or harmful, may differ in countries with different TB burdens. In particular, the low pretest probability of TB in low-TB-burden countries may be more prone to lead to missed TB, so further studies are needed on the association of FQ use with clinical outcome in such countries. Finally, the main drawback of our study is that the patient number (n ϭ 33) of the long-term FQ group is too small to draw a firm conclusion. For the same reason, we could not evaluate the impact of different kinds of FQ on clinical outcomes. Therefore, further studies with a large number of cases are needed.
In conclusion, long-term FQ exposure (Ն7 days) prior to TB diagnosis in immunocompromised patients appears not to be associated with adverse outcomes. Our findings may decrease concerns about the empirical use of FQ in immunocompromised patients in the clinical setting where the diagnosis of TB cannot be ruled out but the probability of TB is not high enough to require anti-TB treatment, especially in areas where TB is endemic.
